United States Patent m 

Sano et al. 



Patent Number: 4,996,501 
[45] Date of Patent: Feb. 26, 1991 



[54] AMPLIFIER CIRCUIT HAVING GAIN 
CONTROL 

[75] Inventors: Yoshiaki Sano, Yokohama; Toshio 
Hanazawa, Kasugai; Yoshiro 
Yoshino, Nagoya, all of Japan 

[73] Assignees: Fujitsu Limited, Kawasaki; Fujitsu 
VLSI Limited, Kasugai, both of 
Japan 

[21] Appl. No.: 286,610 

[22] Filed: Dec. 19, 1988 

[30] Foreign Application Priority Data 
Dec. 18. 1987 [JP] Japan 62-320817 

[51] IntCU . H03G3/30 

[52] U.S.Q 330/279; 330/279 

[58] Field of Search 330/129, 131, 135, 141, 

330/278, 279, 281, 311; 307/540 

[56] References Cited 

U.S. PATENT DOCUMENTS 

4,489,281 12/1984 Kiyono 330/129 

4,742,565 5/1988 Iwahashi 330/279 X 



FOREIGN PATENT DOCUMENTS 

0129856 10/1979 Japan 330/279 

Primary Examiner — Steven Mottola . 
Attorney, Agent, or Firm — Staas & Halsey 

[57] ABSTRACT 

An amplifier circuit comprises a variable gain amplifier 
for receiving an input signal which is to be amplified by 
the amplifier circuit with a variable gain. The variable 
gain is controlled by a control signal. The amplifier 
circuit also includes a constant gain amplifier for ampli- 
fying a signal outputted from the variable gain amplifier 
with a constant gain, and a gain control circuit respon- 
sive to a signal outputted from the constant gain ampli- 
fier so as to supply the control signal to the variable gain 
amplifier. The signal from the constant gain amplifier is 
outputted as an output signal of the amplifier circuit, 
and the gain control circuit generates the control signal 
during a time period in which a level of the output 
signal of the constant gain amplifier is higher than a 
reference level which is a predetermined value lower 
than a peak value of the output signal of the constant 
gain amplifier. 

12 Claims, 5 Drawing Sheets 
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loop when the clipping level is low thereby lacking in 
AMPLIFIER CIRCUIT HAVING GAIN CONTROL the flexibility of use of the amplifier circuit. 

BACKGROUND OF THE INVENTION SUMMARY OF THE INVENTION 

The present invention generally relates to amplifier S . Accordingly, ft is a general object of the present 



« a ~™ i i » • ... invention to provide a novel and useful amplifier circuit 

circuits, and more particularly lo an amplifier circuit u +t. «vi j -u j u r • * ^ 

. , , ... T . . . r . . , . , in which the problems described above are eliminated, 

provided with a vanab e gam amplifier a gain of which Anothef ^ mQre ific Qbject f ^ in . 

is Wed when an input signal level is excessively large. vemion is to ide £ hfie J r drcuit coni risi a 
Normally, a ^linear amplifier circun is iised as an am- 10 variaWe gain F amplifler sup £ ied with ^ inp ^ t signal 
phfier circuit for amplifying an audio signal, and amph- which k tQ be ^ Iified b thg , ifier circuit for 
tudes of an output signal V out and an input signal V ffl of ^pUfying the input signal with a gain which is variably 
the amplifier circuit have a predetermined proportional controlled by a control signal, a constant gain amplifier 
relationship as shown in FIG. 1. This predetermined for amplifying a signal outputted from the variable gain 
proportional relationship is maintained until a transistor 15 amplifier with a constant gain, and a gain control circuit 
at an output stage of the amplifier circuit saturates. responsive to a signal outputted from the constant gain 
However, in a saturation region of the output stage amplifier for supplying the control signal to the variable 
transistor where the amplitude of the input signal is gain amplifier. The signal from the constant gain ampli- 
greater than V* the waveform of the input signal V m fier is outputted as an output signal of the amplifier 
does not coincide with the waveform of the output 20 circuit, and the gain control circuit generates the con- 
signal V 0 ut> In other words, the proportional relation- trol signal during a time period in which a level of the 
ship differs about the input signal V/„of V, as indicated output signal of the constant gain amplifier is higher 
by a solid line in FIG.l. In the saturation region of the than a reference level which is a predetermined value 
output stage transistor, there is a notable deterioration lower than a peak value of the output signal of the 
in a distortion factor due to higher harmonic compo- 25 constant gain amplifier. According to the amplifier 
nents as may be seen from FIG. 2. circuit of the present invention, it is possible to satisfac- 

A conventional amplifier circuit has a variable ampli- torily amplify the input signal in a vicinity of a maxi- 
fier for amplifying an input signal, a constant gain am- mum tolerable input signal level even when the input 
plifier for amplifying an output signal of the variable signal level is excessively large, without limiting the 
gain amplifier and for outputting an output signal V ouh 30 output signal level constant In addition, the amplifier 
and a level detection circuit for detecting an output circuit can operate stably even when a change occurs in 
signal level of the variable gain amplifier. The level a power source voltage. 

detection circuit variably controls the variable gain 0ther objects and further features of the present in- 
amplifier so as to limit the level of the output signal vention will be apparent from the following detailed 
Vout to as indicated by a phantom line in FIG.l 35 description when read in conjunction with the accom- 
when the output signal of the variable gain amplifier is P*»y*ng drawings. 

greater than a predetermined level, that is, when the BRIEF DESCRIPTION OF THE DRAWINGS 
level of the input signal of the constant gain amplifier is w ^ „ . * . , 

greater than V^and excessively large. Such a conven- . m( ?.l is a graph of an input signal versus output 
tional amplifier circuit is known as an automatic gain 40 «gnal charactenstic of a conventional amplifier circmt; 
control (AGC) circuit or an automatic level control , FIG ' } 18 a ^ a ? h * n u m P ut ve f us distortion 

(ALC) circuit. factor characteristic of the conventional amplifier cir- 

In the conventional amplifier circuit, the level of the CVX £\<~ » •„ „ * ui i j- v. u 

output signal V out is limited to which is constant AK FI , G f 3 18 a ,yi S? bl ° Ck * wam ^°T S ^ 

when the input signal V* is greateMhan V w As a re- 45 J^^™ arCU,t aCC ° rdmg t0 the 

suit, there is a problem in that no signal amplification ^q 1 * fc h ^ . h { ^ f 

S^oSfSf Trf* V1C T i ° f ■ "A" and acorresponding distortion 

nput signal level of the constant gam amplifier. In addi- detect ion signal outputted from a gain control circuit of 

non.thereisalsoaprob^ ^ the embodiment shown in FIG. 3; 

the constant gain amplifier becomes unstable when a FIG. 5 is a graph showing the another output signal 

change occurs in a power source voltage. of the constant ^ Hfier and a corresponding dis- 

In other words the output signal of the constant gain tortion detection signa] outputted from the gain control 

amplifier is clipped at a clipping level when the level of circuit of the embodiment shown in FIG.3; 

the input signal is ^eater than the maximum tolerable 55 FIG. 6 respectively shows still another output signal 

input signal level of the constant gain amplifier, and m of ^ constan t gain amplifier and a corresponding dis- 

a case where the input signal is an audio signal the sound tort ion detection signal outputted from the gain control 

is distorted. For this reason, the conventional amplifier circuit of the embodiment shown in FIG.3; 

circuit reduces the gam of the variable gain amplifier by FIG. 7 is a circuit diagram showing an embodiment 

a feedback loop when the output signal of the constant 60 of the gain control circuit together with a variable gain 

gain amplifier is greater than a reference level. In this amplifier and the constant gain amplifier of the embodi- 

case, it is desirable that the reference level is slightly ment shown in FIG.3; 

lower than the clipping level. However, the clipping FIGS. 8, 9, 10 and U are respective graphs showing 

level of the constant gain amplifier differs depending on a signal supplied to the gain control circuit and a distor- 

the amplifier circuit (that is, an integrated circuit of the 65 tion detection signal produced thereby for explaining an 

amplifier circuit) and also changes depending on a operation of the gain control circuit shown in FIG. 7; 

change in the power source voltage. When the refer- FIG. 12 is a circuit diagram showing the constant 

ence level is high, there is no feedback by the feedback gain amplifier of the embodiment shown in FIG. 3; and 
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FIG. 13 is a circuit diagram showing the variable gain diode Dl, and a capacitor CI. The control signal gener- 

amplifier of the embodiment shown in FIG. 3. ator 12 has a constant current source 16, transistors Q10 

DESCRIPTION OF THE PREFERRED *" d 9"' " constan^t current source 17 controlled by the 

cn4T>nT^T\jcKTTc transistor Oil, resistors R5 and R6, diodes D2 and D3, 

EMBODIMENTS e , . ' , , ' 

5 and a capacitor C2. + Vcc denotes a power source 

/ FIC.3 shows an embodiment of an amplifier circuit voltage. The output signal of the constant gain amplifier 

according to the present invention. In FIG. 3, an ampli- 2 is supplied to the gain control circuit 3 through a 

fier circuit has a variable gain amplifier 1 for amplifying terminal 21 and an output control signal of the gain 

an input signal received at an input terminal 4, a con- control circuit 3 is supplied to the variable gain ampli- 
/stant gain amplifier 2 for amplifying an output signal of 10 f ier 1 through a terminal 22. 

(the variable gain amplifier 1, and a gain control circuit i n the distortion detector 11, the reference voltage 

13 responsive to an output signal of the constant gain Vref which is used as a reference voltage of a compara- 

amphfier 2 for variably controlling a gain of the vari- tor const it u ted by the transistors Q6 and Q7 is set to a 

(able gam amplifier 3. The output signal of the constant sufficiently small voltage by considering the output 
| gam amplifier 2 is outputted from an output terminal 5 15 si ^ level of the ^ifier circuit, so that the reference 

[as an output signal of the amplifier circuit. leveI L is set to at least Vref even when the out 

For example, the gam control circuit 3 detects a peak si al level of ^ ^pUter circuit, that is, the signal 

value Al (FIG 4(A)) of the output signal of the con- leveI at the terminal 2 £ is extrem el y small, 
stant gam amplifier 2 and produces a distortion detec When ^ $i ^ levd at thg terminal n is extrerneI 

? i" ■ ^ 0Wn , ,n , ^ G -^> wluch f de - 20 small, the trarJstor Q7 is in an ON state so that a level 

l^T ? ™ Tf V* a f ^ « * terminal NI is Vref - V 5£ (Q7) where V 5£ <Q7) 

gam amplifier 2 The distortion detection signd denQtes base . emitter vo!ta ^ transistor QTTTie 

DS=DS1 is produced based on a reference level . n i * ♦ t X ti • j * -i u *u • i 

t t iti*ii™Ia/i l„ - « j * u * r u - t. • signal level at a terminal N2 is determined by the signal 

L=L/n indicated by a one-dot chain line which is a , , c # . , VTt . A . . . fc & - 

predetermined value smaller than a detected peak value 25 level t of < he te ™ nal T N ! f r ?< 10 ? f ^stances of 
A~A1, indicated by a broken line, the outpuYsignal of ^ or ! R * * Tt i S1 ^ e ? e ] at the 

the constant gain amplifier 2. That is, the high-level en ^ » ls Io * ; suc * th f , base ^ level of the transis- 
signal portion of the distortion detection signal DS is tor QS * ^ ^ the si^tal level at the terminal N2 
produced during a time in which the output signal of mmUS y *f&* whe . re V ^Q5) denotes a base-emitter 
the constant gain amplifier 2 is higher than the reference 30 X**?* ° f ™ tMWIBtt ? Q f Therefore, the transistor 
level L/? |. Q5 is in an ON state so that the transistor Q10 is ON, the 

In a case where the output signal of the constant gain level at a terminal N3 is low, the transistor Qll is 

amplifier 2 is as shown in FIG. 5(A), a reference level OFF ' no current flows to the capacitor CZ For this 
L=L2 is the predetermined value smaller than a de- reason, the terminal 22 provides no high-level signal, 
tected peak value A= A2 and the gain control circuit 3 35 Hence, when there is no output signal or the output 
produces a distortion detection signal DS=DS2 shown "S™ 1 of t*" 5 f^P^er circuit is smaller than the refer- 
in FIG. 5(B). Similarly, in a case where the output ence voltage Vref as shown in FIG. 8(A), the reference 
signal of the constant gain amplifier 2 is as shown in level L=La is set to Vref, In this case, an output distor- 
FIG. 6(A), a reference level L=L3 is the predeter- tion detection signal DSa of the distortion detector 11 at 
mined value smaller than a detected peak value A^A3 40 the terminal N3 has a low level as shown in FIG. 8(B) 
and the gain control circuit 3 produces a distortion and n0 control signal is outputted from the terminal 22. 
detection signal DS=^DS3 shown in FIG. 6(B). There- when the output signal of the amplifier circuit is 
fore, the reference level L is always the predetermined greater than the reference voltage Vref as shown in 
value smaller than the peak value A. FI G* 9 (A), the transistor Q5 turns OFF, the transistor 

In FIGS. 4(A) through 6(B), + Vcc denotes a power 45 Q 10 also turns OFF and a distortion detection signal 
source voltage, GND denotes a ground voltage, and RP shown in FIG. 9(B) having a pulse width tl is 

denotes a reference point. obtained from the terminal N3 thereby outputting a 

The gain control circuit 3 variably controls the gain control signal from the terminal 22. In other words, the 
of the variable gain amplifier 1 based on the distortion resistors Rl and R2 are selected such that the transistor 
detection signal DS. For this reason, even when the 50 Q5 turns OFF when the signal level at the terminal 21 
input signal level at the input terminal 4 is excessively becomes higher than Vref. 

large, it is possible to satisfactorily amplify the input The transistors Q2 through Q4 and the capacitor CI 
signal even in a vicinity of a maximum tolerable input constitute a peak holding circuit. In the case of FIG.9, 
signal level without limiting the output signal level at the transistor Ql turns OFF because a base potential of 
the output terminal 5 constant. In addition, the amplifier 55 the transistor Ql rises due to the signal from the termi- 
circuit can operate stably even when a change occurs in nal 21. And the transistor Q2 also turns OFF. The tran- 
a power source voltage. sistor Q4 turns ON due to the current source 13 so that 

FIG. 7 shows an embodiment of the gain control the capacitor CI is charged up. Following the charging 
circuit 3 together with the variable gain amplifier 1 and up of the capacitor CI, the base level of the transistor 
the constant gain amplifier 2 shown in FIG, 3. In FIG. 60 Q6 rises and the transistor Q6 turns ON. As a result the 
7, those parts which are the same as those correspond- level at the terminal Nl rises, the transistor Q3 turns 
ing parts in FIG. 3 are designated by the same reference OFF and the transistor Q2 turns ON. Then, the emitter 
numerals. The gain control circuit 3 has a distortion level of the transistor Ql rises, thereby the transistor Ql 
detector 11 and a control signal generator 12. turns ON. Because of the ON state of the transistor Ql, 

The distortion detector 11 has constant current 65 the transistor Q4 turns OFF and the charging up of the 
sources 13 and 14, a power source 15 for supplying a capacitor CI is stopped. Therefore, the signal level at 
reference voltage Vref, transistors Ql through Q7, re- the terminal Nl is selected due to the signal level at the 
sistors Rl through R4, variable resistors R^ and Kb, a terminal 21 which is a peak value of the output signal of 
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the constant gain amplifier 2. That is, the reference level 
L is determined by the signal level at the terminal 21. 

FIGS. 10(A) and 10(B) and FIGS. 11(A) and 11(B) 
are graphs snowing cases where the peak value A of the 
signal received at the terminal 21 exceeds a clipping 5 
level CL of the constant gain amplifier 2. In these cases, 
reference levels Lc and Ld are set to identical levels 
which are a predetermined value smaller than the clip- 
ping level CL. However, pulse widths t2 and t3 of cor- 
responding distortion detection signals DSc and DSd 10 
differ in these cases. In other words,, a pulse width t of 
the distortion detection signal DS changes depending 
on the degree of the clipping. In FIGS. 9(B), 10(B) and 
11(B), a relation tl<t2<t3 stands. 

In FIGS. 8(A) through 11(B), the same designations IS 
are used as in FIGS. 4(A) through 6(B). 

The control signal generator 12 (FIG. 7) converts the 
distortion detection signal DS from the terminal N3 into 
a D.C. signal dependent on a change in the pulse width 
t, and this D.C. signal is outputted from the terminal 22 20 
as the output control signal of the gain control circuit 3. 

A known constant gain amplifier may be used for the 
constant gain amplifier 2. FIG. 12 shows an example of 
the constant gain amplifier 2 having an amplifier 31 and 
resistors R10 and Rll which are connected as shown. 25 
The output signal of the variable gain amplifier 1 is 
applied to an input terminal 32, and the output signal of 
the constant gain amplifier 2 is obtained from an output 
terminal 33. In this case, a constant gain of approxi- 
mately 1 +(R10/R11) is obtained, where R10 and Rll 30 
respectively denote resistances of the resistors R10 and 
Rll. 

In addition, a known variable gain amplifier may be 
used for the variable gain amplifier 1. FIG. 13 shows an 
example of the variable gain amplifier 1 having transis- 35 
tors Tl through T6, resistors Ri and Re, current 
sources Ie and Is, and a capacitor C which are con- 
nected as shown. — Wee denotes a power source volt- 
age different from the power source voltage +Vcc. 
The output signal of the variable gain amplifier 1 is 40 
obtained from an output terminal 42. The control signal 
from the gain control circuit 3 is applied to a terminal 43 
or 44. The gain of the variable gain amplifier 1 is vari- 
ably controlled depending on the current If or If sup- 
plied by the corresponding one of the current sources 45 
If and 1 5 

In this embodiment, even when the power source 
voltage + Vcc changes and the peak value A changes, 
the reference level L changes in . accordance with the 
change in the peak value A. Thus, a stable circuit opera- 50 
tion of the constant gain amplifier 2 is guaranteed. In 
addition, since the pulse width t of the distortion detec- 
tion signal DS changes depending on a change in the 
degree of clipping, it is possible to obtain the output 
signal of the amplifier circuit with a constant amplifica- 55 
tion level by using this change in the pulse width t. 

In other words, the gain control circuit 3 is provided 
with a peak holding circuit, and the reference level L is 
made variable by setting the reference level L a prede- 
termined value lower than the peak value of the output 60 
signal of the constant gain amplifier 2. The feedback 
loop for variably controlling the gain of the variable 
gain amplifier 1 becomes active during a time when the 
output signal level of the constant gain amplifier 2 is 
higher than the variable reference level L. Accordingly, 65 
as shown in FIGS. 9(A), 9(B) to 11(A), 11(B) the vari- 
able reference level L is the predetermined value lower 
than the clipping level CL when the output signal level 
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of the constant gain amplifier 2 is clipped, thereby mak- 
ing it possible to prevent distortion in the output signal 
of the constant gain amplifier 2. The longer the clipping 
time, the larger the variable gain width can be made in 
the negative direction. Therefore, it is possible to set the 
reference level L to an optimum value depending on the 
clipping level CL of the constant gain amplifier 2. 

In the described embodiment, a positive peak value is 
detected with respect to the reference point RP, but it is 
of course possible to detect a negative peak value with 
respect to the reference point RF as indicated by Lq in 
FIG.9(A), for example, and produce the .distortion de- 
tection signal based on the detected negative peak 
value. Moreover, it is also possible to detect both the 
positive and negative peak values and produce the dis- 
tortion detection signal based on the detected positive 
and negative peak values. 

Further, the present invention is not limited to these 
embodiments, but various variations and modifications 
may be made without departing from the scope of the 
present invention 

What is claimed is: 

1. An amplifier circuit comprising: 

variable gain amplifier means having a variable gain, 
for amplifying an input signal by the variable gain 
in accordance with a control signal, and for provid- 
ing an output responsive to the variable gain ampli- 
fication; 

constant gain amplifier means having a constant gain, 
for amplifying a signal responsive to the signal 
outputted from said variable gain amplifier means 
and for providing an output responsive to the con- 
stant gain amplification; and 

gain control circuit means, responsive to the signal 
outputted from said control constant gain amplifier 
means, for supplying the control signal to said 
variable gain amplifier means during a time period 
in which a level of the output signal of said con- 
stant gain amplifier means is higher than a refer- 
ence level which is a predetermined value lower 
than a peak value of the output signal of said con- 
stant gain amplifier means, and for adjusting said 
reference level based on the output of said constant 
gain amplifier means. 

2. An amplifier circuit comprising: 

a variable gain amplifier supplied with an input signal 
which is to be amplified by the amplifier circuit for 
amplifying said input signal with a gain which is 
variably controlled by a control signal; 

a constant gain amplifier for amplifying a signal out- 
putted from said variable gain amplifier with a 
constant gain; and 

a gain control circuit responsive to a signal outputted 
from said constant gain amplifier for supplying the 
control signal to said variable gain amplifier, 

the signal from said constant gain amplifier being 
outputted as an output signal of the amplifier cir- 
cuit, 

said gain control circuit generating said control signal 
during a time period in which a level of the output 
signal of said constant gain amplifier is higher than 
a reference level which is a predetermined value 
lower than a peak value of the output signal of said 
constant gain amplifier. 

wherein said gain control circuit means — 
first circuit for producing a pulse distortion detec- 
tion signal having a pulse width corresponding 
to the time period, said distortion detection sig- 
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nal describing a distortion in the output signal of 
said constant gain amplifier. 

3. An amplifier circuit as claimed in claim 2 wherein 
said gain control circuit means further includes: 

second circuit means for generating a D.C signal 5 
responsive to change in the pulse width of said 
distortion detection signal, said D.C. signal corre- 
sponding to said control signal. 

4. An amplifier circuit as claimed in claim 3 wherein 
said second circuit means includes: 1C 

means for generating the D.C. signal so that the vari- 
able gain of said variable gain amplifier means is 
variably controlled so as to keep the distortion 
approximately constant 

5. An amplifier circuit as claimed in claim 4, wherein 15 
said reference level is constant when the detected peak 
value is lower than a certain level. 

6. An amplifier circuit as claimed in claim 5 wherein 
said certain level is a clipping level of said constant gain 
amplifier means. 

7. An amplifier circuit as claimed in claim 1 wherein 
said gain control circuit means includes a circuit con- 
nected to detect a positive peak value of the output 
signal of said constant gain amplifier means correspond- .5 
ing to said peak value. 

8. An amplifier circuit as claimed in claim 1 wherein 
said gain control circuit means includes a circuit con- 
nected to detect a negative peak value of the output 
signal of said constant gain amplifier means correspond- 3Q 
ing to said peak value. 

9. An amplifier circuit as claimed in claim 1 wherein 
said gain control circuit means includes a circuit con- 
nected to detect a positive and a negative peak value of 
the output signal of said constant gain amplifier means 35 
corresponding to said peak value. 

10. An amplifier circuit comprising: 

a variable gain amplifier supplied with an input signal 
which is to be amplified by the amplifier circuit for 
amplifying said input signal with a gain which is 40 
variably controlled by a control signal; 

a constant gain amplifier for amplifying a signal out- 
putted from said variable gain amplifier with a 
constant gain; and 

a gain control circuit responsive to a signal outputted 45 
from said constant gain amplifier for supplying the 
control signal to said variable gain amplifier. 
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the signal from said constant gain amplifier being 
outputted as an output signal of the amplifier cir- 
cuit. 

said gain control circuit generating said control-sig- 
nal during a time period in which a level of the 
output signal of said constant gain amplifier is 
higher than a reference level which is a predeter- 
mined value lower than a peak value of the output 
signal of said constant gain amplifier, 

said gain control circuit means includes means for 
varying generating a control signal so that the gain 
of said variable gain amplifier means is variably 
controlled to keep a distortion in the output signal 
of said constant gain amplifier means approxi- 
mately constant. 

11. An amplifier circuit as claimed in claim 1 further 
comprising: 

means for providing the reference level as a constant 
value when the peak value is lower than a certain 
level. 

12. An amplifier circuit comprising: 

a variable gain amplifier supplied with an input signal 
which is to be amplified by the amplifier circuit for 
amplifying said input signal with a gain which is 
variably controlled by a control signal; 

a constant gain amplifier for amplifying a signal out- 
putted from said variable gain amplifier with a 
constant gain; and 

a gain control circuit responsive to a signal-outputted 
from said constant gain amplifier for supplying the 
control signal to said variable gain amplifier. 

the signal from said constant gain amplifier being 
outputted as an output signal of the amplifier cir- 
cuit, 

said gain control circuit generating said control signal 
during a time period in which a level of the output 
signal of said constant gain amplifier is higher than 
a reference level which is a predetermined value 
lower than a peak value of the output signal of said 
constant gain amplifier. 

said reference level being constant when the detected 
peak value is lower than a certain level. 

wherein said constant gain amplifier means has a 
clipping level and the certain level has a value 
corresponding to the clipping level of said constant 
gain amplifier means. 

* * * 4 * 
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